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With recent. advances in microanalytlcal techmi;ues, such’ as:
chromotography, -electrophoresis and radioautography, considera- -
. ble progress has been made to obtain a better understandmg of the
- complex cheese ripening process. ‘In Swiss cheese investigators
- have emphasized either amino acids or fatty acids formed during

- ripening :and propionijc’ acid, acetic acid, proline, glutamic ac:d

have been found to be important end products. (4) () (12)' (14)
- Hintz (7) showed that ‘the concentration of certain amino aclds ". "
in Swiss cheese first increased and then decreased during the ripen-
ing’ period.’: This same - observation was made. . by Herner and. :
Tuckey (8) for Cheddar cheese and by Long (13) for Italian cheese *

varieties. A similar- trend for acetic acid in Swiss cheese was by ...

found by Slatter (14). y findings suggest that in addition tof;é

being important end-products, certain of the free aliphatic acidsand . - R

amino acids may be important as precursors of other products.- In*"f

this study attention was given to the acidic and neutral carbonyl

" compounds of Swiss cheese as being degradatlon and mtermedlate gt
products of the various organic acids. - o :

Procedui'e i

The cheese samples were prepared for analysié by inaking a water
.. extract.as outlined by Sommer and Harper (14). : Separation and

(1) Technical Paper 1:56 Department of Dairy Technology, The - Ohtoi
State University. Ohio Agriculture Experiment Station Journal Article.
(2) Supported in part by Research and Marketing Act of 1946, through 3,

- the Dairy Technology Section, A.R.S., U.S. Department of Agnculture;

- and the Ohio Dairy Products Research Fund. ;-
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identication of the carbonyl compounds in cheese is explained in
detail in another paper (1).
“The water extract was treated as follows: (a) 10 per cent sodium
tungstate was added to precipitate the proteins; (b) the sample :
- was chilled to 4°C to prevent destruction of beta-keto-acids and .
then adjusted to pH 4°C with 0.67 N sulfuric acid; (c) the water '
extract was filtered by suction through a very thin (1 mm) layerof :
* silic acid (chromatographic grade); (d) the clear extract was reac-:
 ted 'for one hour at 25°C:with an excess of saturated 24 dinitro-:
phenylhydrazine in 2-N “hydrochloric acid; (e) the solution was :
extracted with ether, which was evaporated in a desiccator under -
Vacuum at room temperature and finally by drying over calcium -
chloride and potassium hydroxide for twelve hours. - S
The dry hydrazones were dissolved in a minimum of 1-N-am- -
i - monium’ hydroxide and washed with sufficient chloroform to -
. remove the neutral carbonyls and hydrazine. - The acidic com-.
.,: pounds were streaked in a narrow band on Whatman No. 3 MM
- filter paper.: After. the band was dry, the chromatogram was -
- developed according to. the method of El-Harway and Thompson
(5), using butanol’ 0.5 N-ammonium hydroxide and ethanol (70-20-
10 v/v). SRR ‘ ‘
. . The chloroform, containing the neutral carbonyls, was evapo-
> rated to dryness and the residue was dissolved in a small quantity
of benzene-heptane (1-1). The residual hydrazine was removed by
passing the solution ‘through an anhydrous magnesium sulfate
column, The chromatographic method of Heulin (6) was used

o for the separation’of the neutral carbonyl compounds.

Results and discussion .

- Ten samples of domestic Swiss cheese, varying in age from two

: to eighteen months were analyzed for acids and neutral carbonyl"

. - compounds.. The compounds isolated from each cheese were iden-

" tified on the basis of the Rf value, color of the hydrazine derivative

v and light absorption characteristics of the derivatives as reported

3 previously for compounds found in cheese (1). Compounds were
> also identified by melting point determination when sufficient ma- .

; terial was isolated. In all of the Swiss cheese samples examined
‘invthis study, the keto acid pattern remained essentially the same,:

39




regardless of age or ﬂavor mtensxty of the cheese However

. carbonyl pattem was affected: when there ‘Was. absence of aeyk
formation. - The carbonyl ‘pattern” found.m typlcal Swiss cheese
and ««blind » Swiss is shown in"Table 1. ;

3 cid, dmcetyl and .ncetylmethyl ‘Car e
" found. Themeutra ~carbonyl.compounds ‘were remﬁed@reﬁmmly»
in Swiss.cheese by Calbert and Price (2).In the « blind

~ Swiss, cheese the same’.compounds: were iound -asin’y

S cheese ”but the proportmn of’ pyru_

: dmoetyl

(a) Re!auve concentration’ “from 110" 4;
30perccntofmwhydnmu3 40:070
of total hydrazones. <

(t)Pruentmtwo u!ofmsof“
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Streptococcus thermophilus of Lactobacillus bulgaricus, it was
found that the only difference between the culture pattern and that
- of Swiss cheese was the disproportionately large concentration
" of the Alpa-keto-glutaric acid in the cultures. However, when Pro- :
pionibacter shermanii bacteria were included in the cultures. the .
o ] resultmg carbonyl pattern -exactly duplicated that of Swiss cheese. Ay
. “.. The most. unusual” compound .identified in Swiss cheese wasj:‘i.—" :
alpht—acetolactlc ‘acid.” This’ compound is of especial interest:ini.,
dau'y products since it"has been suggested as the logical immediate's: ..
precursor’ of’ acetylmethyl carbinol and diacetyl (9) (10).. It is *
) extremely heat and acid labile, whlch probably explams why 1t had E
“-not been* molated prevmusly ) -
A brxef study was made to determine if acetolactic acxd was an
mtermedxate in the formation of acetylmethyl carbinol and diacetyl .

.- in Swiss- cheese. Carbon-14 labeled sodium citrate was added to
. a freshly prepared water extract of Swiss cheese and to cultures of = -
L bulgaricus.’ The results ‘with both were the same A typical * -

S chromatrogram and radxoautograph are shown in Figure 1.” The.
- radxoautograph ‘shows that addition of C* labeled citrate resulted
.o ine radioactive alpha-keto-glutarate* alpha _acetolactate and the.

‘neutral carbonyls "It was interesting to note that the pyruvie acid -
-'formed was not C'*. “labeled. z.About 20 per cent of the C** was in.
"the alpha keto glutanc -acid, 10 per cent in acetolactate and about
10 per. cent in acetylmethol carbinol -and dxacetyl

Further studids were ‘made with-sodium acetate- 1-C*, sodium

. -malate-C** and sodium succinate-1, 4 C'%.. With acetate, only about
f'. 2 per cent of the C** appeared in the- carbonyl compounds, and
. this was found in acetolactate, acetylmethylcarbinol, and diacetyl.
. The C'* from malate appeared only in pyruvic acid. Carbon
. from succinate appeared in the acetolactate and neutral’ carbonyl] *
» - fractions.: Further experiments are in progress to complete the
studyﬂ of the pathway of dxacetyl formation.

glutanc acxd was not the precursor of the pyruvic acid. This sug- .
gests the possible occurrance of transamination as an important
: reactxon m the npemng of Swiss cheese
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Fig. 1. — The Effect of adding C* sodium citrate to Lactobacillug bul-

garicus on the acidic and neutral carbonyl compounds. Chromatogram -

on left shows the keto compounds found in the culture after 12 hr.

incubation - at 40°C; radio-autogram on the right shows the keto com-

pounds which contained C14, It was obtained by exposing chromatogram
on an X-ray plate for 14 days. ‘
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SUMMARY

e In addition to acetylmethylcarbmol and diacetyl, a group of acidic
\ ‘ " carbonyl compounds were found in Swiss cheese. Pyruvic acid,
: alpha keto-glutaric acid, acetolatic acid, oxalsuccini¢ acid and
B owalacetlc acid were present in all cheeses. The formation of eyes
in the cheese was shown to be related to the keto acid pattern of
,‘the cheese, ;..
ot Acetolactlc acid was shown to be an intermediate in the con- -
version of citrate to diacetyl. Radioactive isotope experiments .
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“were presented as'a 'mea‘ns to elucldate the pathwa of
prodiiction in Swiss 'cheese and in lactxc aad-pmdu
cultures'

SO W ¥ 4

7 “du’ diacétyl,:I’on a trouvé

> un ‘groupe de. composes_ de carbonyl '
a@de @lpha keto-glutario, acide acétolactid
t:Tacide “oxal furent trouveés daviec

. Ausser Acetylm hylcarbinol 'und Diacetyl, ‘wurde in

‘Kase eine Gruppe von sauren Carbomylverbmdungen gefunden.Py

- Alpha-Ketogluiann -5 Acetoxmlchsaure,ﬂ Oxalsuccin- and
y Dx'calesslgsaure ‘waren in allen Kisen vorhanden Die Bxldung von
Lochem konnte auf denBestand an Ketosiuren dem betreﬁena

den Kase zuruckgefuhrt "werden Acetonulchsaure

2 _ttel darge-;,;
um-den ‘Verlauf ‘der Dlecetylentstehung im. Schwelzer,Kiiae
und ir; Mxlchsaure bex der Bildung von Saureweckem zuve_rfolgen




